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ABSTRACT

BACKGROUND: Warfarin is a common treatment option to manage patients
with nonvalvular atrial fibrillation (NVAF) in clinical practice. Understanding
current pharmacist-led anticoagulation clinic management patterns and
associated outcomes is important for quality improvement; however, cur-
rently little evidence associating outcomes with management patterns exists.

OBJECTIVES: To (a) describe warfarin management patterns and (b) evalu-
ate associations between warfarin treatment and clinical outcomes for
patients with NVAF in an integrated health care system.

METHODS: A retrospective cohort study was conducted among NVAF
patients with warfarin therapy between January 1, 2006, and December 31,
2011, using Kaiser Permanente Southern California data, and followed until
December 31, 2013. Management patterns related to international normal-
ized ratio (INR) monitoring, anticoagulation clinic pharmacist intervention
(consultation), and warfarin dose adjustments were investigated along
with yearly attrition rates, time-in-therapeutic ranges (TTRs), and clinical
outcomes (stroke or systemic embolism and major bleeding). Descriptive
statistics and multivariable Cox proportional hazard models were used to
determine associations between TTR and clinical outcomes.

RESULTS: A total of 32,074 NVAF patients on warfarin treatment were identi-
fied and followed for a median of 3.8 years. About half (49%) of the patients
were newly initiating warfarin therapy. INR monitoring and pharmacist inter-
ventions were conducted roughly every 3 weeks after 6 months of warfarin
treatment. Sixty-three percent of the study population had =1 warfarin

dose adjustments with a mean (SD) of 6.7 (6.3) annual dose adjustments.
Warfarin dose adjustments occurred at a median of 1 day (interquartile
ranges [IQR] 1-3) after the INR measurement. Yearly attrition rate was from
3.3% to 6.3% during the follow-up, and median (IQR) TTR was 61% (46%-
73%). Patients who received frequent INR monitoring (=27 times per year),
pharmacist interventions (=24 times per year), or frequently adjusted warfa-
rin dose (=11 times per year) consistently showed poor TTRs (mean TTR for
the highest quartiles was 45.3%-48.3%). A higher TTR was associated with
a lower risk of clinical outcomes regardless of frequency of INR monitoring,
pharmacist interventions, or number of dose adjustments. Patients whose
TTRs were <65%, even with frequent pharmacist interventions, had similar
stroke or systemic embolism event rates, as compared with patients with
TTRs<65% and less frequent interventions (1.88 vs. 1.54 stroke or systemic
embolism rates per 100 person-years, respectively, P=0.78). The lowest
TTR quartile (<46%) was associated with a 3 times higher risk of stroke or
systemic embolism (hazard ratio [HR] =3.19, 95% Cl=2.71-3.77) and a

2 times higher risk of major bleeding (HR=2.10, 95% Cl=1.96-2.24)
compared with the highest TTR quartile (=73%).

CONCLUSIONS: Despite close monitoring with timely warfarin dose adjust-
ments, there were still a substantial number of challenging patients whose
TTRs were suboptimal despite a higher number of pharmacist interven-
tions. These patients eventually experienced more stroke or systemic

embolism and bleeding events among NVAF patients managed by antico-
agulation clinics. New individualized treatment or management strategies
for patients who are not able to reach optimal therapeutic ranges are nec-
essary to improve outcomes.
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What is already known about this subject

Pharmacist-managed anticoagulation services are associated with
an improved time-in-therapeutic range (TTR).

Maintaining optimal levels of TTR is important to minimize
stroke or systemic embolism and bleeding outcomes for warfarin

patients.

What this study adds

Close monitoring with timely warfarin dose adjustments and
low attrition rates were found in patients with nonvalvular atrial
fibrillation managed by pharmacist-led anticoagulation clinics.
Regardless of frequency of pharmacist intervention, patients with
low TTR experienced more strokes or systemic embolisms and
bleeding events.

Potentially nonadherent patients who did not receive frequent
international normalized ratio monitoring and/or pharmacist
interventions reported low TTRs, which were associated with

poor clinical outcomes.

itamin K antagonists, such as warfarin, have been

standard treatments for stroke prevention in patients

with nonvalvular atrial fibrillation (NVAF).! Although
several new classes of nonvitamin K antagonist oral anticoagu-
lants are now available, warfarin is still a common treatment
option in clinical practice. Warfarin was associated with a low
rate of residual stroke or systemic embolism in recent clinical
trials with time-in-therapeutic ranges (TTRs) between 55%
and 68%.7* However, warfarin use is limited by its narrow
therapeutic range, drug-drug and drug-food interactions, and
bleeding risk.’
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The complexity of managing warfarin has led to the devel-
opment of a variety of specialized care models such as patient
self-management, specialized anticoagulation clinics, and
pharmacist-managed services.® To date, pharmacist-managed
anticoagulation services have been an important component
for improved quality of anticoagulation control, which is a
common type of care model in a U.S. managed care setting.
Pharmacist-managed anticoagulation clinic models point to
more consistent monitoring, use of warfarin dosage adjust-
ment algorithms, early recognition of patient risk factors, and
patient education.® Several studies have suggested that phar-
macist-managed anticoagulation services are associated with
improved TTR and potentially with lower hospitalization or
emergency visits and thromboembolic events, compared with
usual care.”'® However, outcomes in warfarin patients still may
not be optimal in these care models. Even with the introduc-
tion of these patient care models in clinical practice, approxi-
mately one third of the patients discontinued warfarin within
1 year after initiation,""*> and TTR levels were only around
60% in the U.S. managed care setting, which is not considered
optimal'**® Understanding current pharmacist-led antico-
agulation clinic management patterns are important for quality
improvement; however, currently little evidence associating
outcomes with management patterns exists.

The primary objective of this study was to describe war-
farin management patterns (international normalized ratio
[INR] monitoring, pharmacist intervention, and warfarin
dose adjustments) and outcomes (attrition rates, TTR, and
stroke or bleeding events) for patients with NVAF managed by
pharmacist-led anticoagulation clinics in an integrated health
care system. The secondary objective was to evaluate associa-
tions between warfarin treatment (TTR levels and/or pharma-
cist intervention) and stroke or systemic embolism and major
bleeding events. These results may help identify an appropriate
place for interventions to improve warfarin management in
patients with NVAF.

Methods

Study Design and Setting

A retrospective, observational, cohort study was conducted.
Adult patients diagnosed with atrial fibrillation (AF)—using 2 or
more serial International Classification of Diseases, Ninth Revision
Clinical Modification (ICD-9-CM) codes of 427.31, 30 or more
days apart—in ambulatory visit or hospital records in Kaiser
Permanente Southern California (KPSC) data were identified
between January 1, 2006, and December 31, 2011. This study
included all incident and prevalent patients with AF. The first
diagnosis date was defined as the index date, and patients were
followed until the end of membership, death, or the study end
date of December 31, 2013, whichever occurred first. Patients
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aged <18 years at index date; without continuous health plan
membership or drug benefit during the 12 months before the
index date (baseline period; gaps of less than 30 days were
treated as continuous membership); and individuals who had AF
ablation or cardioversion procedure, valvular repair or replace-
ment, valvular diseases, hyperthyroidism at baseline, or evidence
of pregnancy at any point during the entire follow-up period
were further excluded (Appendix A, available in online article).
In the final study cohort, we excluded patients without any war-
farin prescriptions or patients with <1 INR measurement.

Study population was identified from KPSC databases.
KPSC is a nonprofit, integrated health care delivery organiza-
tion with a membership of over 4 million people in Southern
California. KPSC provides integrated, comprehensive medical
services through its own facilities, which include 14 hospitals,
over 200 outpatient facilities, and a centralized laboratory. All
aspects of care and interaction with the health care delivery
system are captured in a continuously updated electronic
medical record (EMR) system. Over 98% of the study popula-
tion receiving warfarin treatment were participants of antico-
agulation clinics led by pharmacists. The study protocol was
approved by the KPSC institutional review board.

INR Monitoring and Pharmacist Intervention

Centralized laboratory data were extracted to summarize INR
monitoring patterns. The number of INR monitoring tests
and days between INR tests were reported. EMR data at the
anticoagulation clinic were used to describe pharmacist inter-
ventions. All encounters between pharmacists and patients
at the anticoagulation clinics were stored in the EMR system.
Encounters mostly involved telephone counseling, and phar-
macist interventions consisted of anticoagulant medication
monitoring and dose adjustment, orthopedic surgery pro-
phylaxis, anticoagulation reversal, procedure bridging, point
of care education and calibration, interruption of therapy for
invasive and noninvasive procedures, anticoagulant drug inter-
action intervention and management, triaging of anticoagula-
tion therapy-related adverse events, and patient and provider
education. The number of pharmacist interventions and days
between interventions were calculated.

Warfarin Dosing

Adjustment of warfarin doses was identified by a natural
language processing algorithm. Natural language processing
(NLP) is a field of computational linguistics that allows com-
puters to parse human language.'® This technique has been
used to successfully identify and extract information from
free-text formatted data.'° In a previous study, we success-
fully used NLP to identify low-dose aspirin use from clinical
notes with high accuracy.> With NLP, we achieved 96% sensi-
tivity and 99% specificity on identifying aspirin usage. In this
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study, we enhanced the NLP algorithms to identify changes in
warfarin use. The first set of algorithms are similar to what we
developed for the aspirin usage study. The algorithms searched
explicitly documented warfarin adjustment without specific
dosage information (such as “one time dose,” “skip,” “hold,”
“off,” and “discontinue”) or with specific dosage information
(changed to a different dosage amount). A second set of NLP
searched implicitly documented warfarin adjustment such as
“Warfarin is insufficient,” “INR out of range,” “subtherapeutic
INR,” and “supratherapeutic INR.” Seven hundred seventy-one
chart notes were manually reviewed to check the validity of
this algorithm. The developed NLP algorithms were applied to
all clinical notes for the study cohort during the study period.
The timing of dosing was also investigated by combining these
NLP results with the INR laboratory test records. The closest
INR measurement date before the warfarin dose adjustment
was used to determine the timing of dosing. The maximum
interval of 30 days was considered as relevant INR measure-
ments to the warfarin dosing.

Warfarin Attrition

Warfarin attrition rate was determined by the percentage of
patients who discontinued warfarin divided by all available
warfarin patients in a given year. Warfarin discontinuation
was defined using warfarin prescriptions, INR laboratory mea-
surements, and anticoagulation clinic intervention data. The
discontinuation date was defined as the earliest date among the
following: (a) the most recent covered date (last refill date plus
days supply) plus 80 days of grace period; (b) INR measure-
ment date plus 80 days of grace period; or (¢) date of discharge
from the anticoagulation clinic program. An 80-day grace
period was chosen to reflect the interpersonal variability of
warfarin dosage usage. Warfarin patients are often instructed
to take one half a pill*?; therefore, the mean days supply of a
warfarin prescription at KPSC (80 days) was applied.

Time-in-Therapeutic Range

The linear interpolation method by Rosendaal et al. (1993) was
used to calculate a TTR.?> The TTR is expressed as a percentage
of an INR 2-3 range, given the observation time. INR tests per-
formed during hospitalization or INR gaps greater than 80 days
were not interpolated. The TTR was summarized by warfarin
management patterns (the quartiles of number of INR monitor-
ing, pharmacist interventions, and warfarin dose adjustments
per year). To further investigate clinical outcomes associated
with warfarin management (TTR and/or pharmacist interven-
tions), we stratified patients based on their (a) TTR>65% vs.
TTR<65% and (b) TTR quartile. The TTR cutoff of 65% was
selected, since TTRs from 65% to 70% are usually considered
as good INR controls.!>**

Clinical Outcomes

The clinical outcomes of interest were stroke or systemic
embolism and major bleeding events. Primary hospital dis-
charge diagnoses of stroke (ICD-9-CM codes 430, 431, 433.x1,
434.x1, and 436.xx) or systemic embolism (ICD-9-CM codes
444.0, 444.1, 444.2x, 444.8x, 444.9, 557.x, and 593.81) were
defined as a clinical outcome. Major bleeding was defined
as an intracranial bleed; gastrointestinal bleed; or any other
bleed (intraspinal, intraocular, pericardial, intra-articular, and
intramuscular bleed) that was associated with an inpatient care
episode, blood transfusion of 2 or more units of whole blood or
red blood cells, decreased hemoglobin 2 grams per dL (g/dL)
or more, physician-guided medical or surgical treatment, or
death (Appendix A). To identify decreased hemoglobin, we
searched 7 days before and after the bleed diagnosis codes and
determined nadir hemoglobin level. The highest hemoglobin
level before the nadir level was considered as a baseline value
and was compared with the nadir level. A decrease in 2 g/
dL or more was considered as a major hemorrhage according
to the definition published by the International Society on
Thrombosis and Hemostatis.”

Statistical Analyses

Descriptive statistics such as mean, median, interquartile
ranges (IQRs), and frequencies were used to report baseline
characteristics and warfarin management patterns. T-tests,
analysis of variances for continuous variables, and chi-square
tests for categorical variables were conducted. Stroke or sys-
temic embolism and major bleeding events were reported using
percentages and crude event rates (number of events per 100
person-years). Baseline characteristics were compared between
each warfarin group (TTR quartiles).

For this outcome analysis, data were censored at the earliest
date of outcome (the first stroke or systemic embolism date for
the stroke or systemic embolism outcome and the first major
bleeding date for the bleeding outcome); end of membership;
death; or the study end date. Kaplan-Meyer survival curves
with log-rank tests were used to compare time-to-events
between different warfarin groups. Cox proportional hazard
regression models were used to compare outcomes between
groups controlling for other factors. Patient demographics
(age, gender, and race/ethnicity); body mass index; baseline
CHADS, score (congestive heart failure, hypertension, age 75
or higher, diabetes, and previous stroke or transient ischemic
attack); comorbidities (peripheral vascular disease, cirrhosis,
cardiac myopathy, and dementia); history of bleeds, myocardial
infarction, and falls; and baseline medication use (periproce-
dural anticoagulation, antiarrythmic medications, clopidogrel,
ticlopidine, prasugrel, ticagrelor, and heart rate control medi-
cations) were considered as covariates (Appendix A). These
covariates were first tested from univariate analyses, and
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statistically significant variables were considered as final
covariates.

The final multivariable model was created by applying
a backward model selection procedure that retained those
covariates with P<0.10. Other clinically relevant covariates
(CHADS, score, warfarin use at baseline, and myocardial
infarction) that were not significant were forced into the final
model as needed. From this model, hazard ratios (HRs) with
95% confidence intervals (CIs) were reported.

Results

A total of 32,074 NVAF patients on warfarin treatment were
identified and followed for a median of 3.8 years. Table 1
shows baseline characteristics of the study population. Mean
(standard deviation [SD]) age of the population was 72.2 (10.7)
years, and 42.5% were female. Of the total population, 72.2%
were non-Hispanic white; 12.7% were Hispanic; 8.0% were
non-Hispanic black; and 7.1% had other races/ethnicity. There
were 33.8% of the study population with a CHADS, score of 2,
and 22.8% had a score of 3; however, 15.6% of the population
had a CHADS, score of 0, and the remaining 27.8% had a score
of 1. About half (49.2%) of the patients were newly initiating
warfarin therapy (new warfarin users) without any warfarin
prescription during the baseline period, and the other half of
the population had at least 1 warfarin prescription during the
baseline period (experienced warfarin users).

Baseline characteristics were compared among different
TTR strata. Overall, patients in the lowest TTR group had more
comorbidities and higher CHADS, scores than patients in the
highest TTR group. The TTR<46% group had a higher propor-
tion of those with a CHADS, score >3 (27.4%) compared with
the TTR>73% group (17.4%), whereas the TTR<46% group
had a lower proportion of patients with a CHADS, score of 0
(14.7%) compared with the TTR>73% group (18.4%). The
TTR<46% group had a higher proportion of baseline bleeds,
peripheral vascular disease, fall history, diabetes, congestive
heart failure, and malignancy compared with the other groups.

Warfarin Dosing and Natural Language Processing

In a validation study, the NLP algorithm achieved a sensitivity
of 92.5% and specificity of 98.4%. Applying the NLP algo-
rithms to the entire study population, nearly 5 million dose
adjustments were identified from the EMR. When we com-
pared all the out of INR range (INR<2 or INR>3) laboratory
results with the dose adjustment results identified by NLP,
there were 21.8% cases where no dose adjustments were identi-
fied by NLP. Most of these cases with missing dose adjustment
(76.5%) were from the lower end of INR results (<2), which
may be due to true no adjustment based on clinical judgement
or false negative from the algorithm.

www.jmecp.org  Vol. 23, No. 6  June 2017

Warfarin Management

For the overall study population, INR monitoring tests were
conducted roughly every week for the first 3 months and every
3 weeks after 6 months from the index date. Mean (SD) days for
INR monitoring were 8.7 (7.7) for the first 3 months and 22.1
(17.8) after 6 months (months 7-18; Table 2).

Pharmacist interventions were also conducted roughly every
week for the first 3 months and every 3 weeks after 6 months
from the index date. Mean (SD) days between the interventions
were 9.0 (7.7) for the first 3 months and 21.5 (15.8) days after
6 months (months 7-18; Table 2). The number of interventions
was consistent after 6 months from the index date; mean (SD)
days between the interventions were 22.3 (16.0) days during
months 19-30. Sixty-three percent of the study population had
at least 1 warfarin dose adjustment with a mean (SD) of 6.7
(6.3) annual dose adjustments after 6 months of warfarin ther-
apy. Warfarin dose adjustments occurred at a median (IQR) of
1 day (1-3) after the INR measurement.

When analyzing the data separately for new and experi-
enced warfarin users, new warfarin users received more fre-
quent interventions during the first 3 months; these patients
received an intervention roughly every week, whereas expe-
rienced warfarin users received an intervention roughly every
2 weeks during the first 3 months: mean (SD) days were 8.0
(6.3) for new users versus 14.9 (11.5) for experienced users.
More frequent dose adjustments were found for new warfarin
users compared with experienced warfarin users for the first 3
months: mean (SD) number of dose adjustment was 4.7 (3.7)
for new users versus 2.9 (3.1) for experienced users.

Warfarin Attrition

During the 5 years of follow-up, the majority of participants
(over 93%) were continuously on warfarin therapy (Appendix B,
available in online article). The rate of discontinuation was
3.3% at the end of the first year, and the rate increased to 6.3%
at the end of 5 years. The rate of disenrollment from the health
plan or completion of follow-up was approximately 20%-35%
each year.

Time-in-Therapeutic Ranges by Warfarin Management

Median TTR (IQR range) during the entire follow-up period for
the study population was 61.0% (46%-73%). The TTR among the
new warfarin users was slightly lower; the median TTR was 58.7%
(43.1%-71.3%; data not shown). In general, patients who received
a higher number of INR monitoring, pharmacist interventions,
or frequently adjusted warfarin dose consistently showed poor
ranges of TTR (Figure 1). The mean (95% CI) TTRs were 46.9%
(46.4%-474%) for individuals with frequent INR monitoring
(fourth quartile: =27 times per year) and 62.9% (62.5%-63.3%)
for less frequent INR monitoring (second quartile: 14-18 times
per year). The mean (95% CI) TTRs were 48.3% (47.8%-48.8%)
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Baseline Characteristics by TTR Quartiles

TTR Quartiles
TTR<46% TTR 46%-60% TTR 61%-72% TTR>73% Total
(n=8,435) (n=7,983) n=7,966) (n=7,690) (N=32,074) P Value
Age, mean [SD] 715 [11.9] 729 [10.6] 72.6  [10.1] 719 [10.1] 722 [10.7] <0.001
Age category, years, n (%) <0.001
<65 2,185 (25.9) 1,654 (20.7) 1,614 (20.3) 1,728 (22.5) 7181 (224
65-74 2415 (28.6) 2,393 (30.0) 2,583 (324 2,572 (334 9,963 (31.1)
75-84 2,822 (33.5 2965 (37D 2958 (37.1) 2,720 (354 11465 (35.7)
>85 1,013 (12.0) 971 (12.2) 811 (10.2) 670 (8.7) 3465 (10.8)
Female, n (%) 3,739 (44.3) 3,629 (45.5) 3422 (43.0) 2,855  (37.1) 13,645 (42.5) <0.001
Race/ethnicity, n (%) <0.001
Non-Hispanic white 5,867 (69.6) 5,796 (72.6) 5,838 (73.3) 5,656 (73.6) 23,157 (72.2)
Hispanic 1,135 (13.5) 1,026 (12.9) 992 (12.5) 924  (12.0) 4,077 (12.7)
Non-Hispanic black 895 (10.6) 645 8.1 560 (7.0) 451 5.9 2,551 (8.0
Others 538 (6.4) 516 (6.5 576 (7.2) 659  (8.6) 2,289 (7.1)
CCI score,? mean [SD] 1.3 [2.7] 0.9 [2.2] 0.6 [1.7] 0.5 [1.5] 0.8 [2.1] <0.001
CHADS, scores, mean [SD] 1.8 [1.2] 1.8 [1.1] 1.7 [1.1] 1.5 [1.1] 1.7 [1.1] <0.001
CHADS, scores, n (%) <0.001
0 1,239 (14.7) 1,117 (14.0) 1,228 (154) 1417 (184 5,001 (15.6)
1 2,098 (24.9) 2,064 (25.9 2,308 (29.0) 2432 (3l.6) 8902 (27.8)
2 2,787 (33.0) 2,772 (34.7) 2,789 (35.0) 2,502 (32.5 10,850 (33.8)
3 or more 2,311 (274) 2,030 (254) 1,641 (20.6) 1,339 (174) 7,321 (22.8)
Comorbid conditions or event, n (%)
Congestive heart failure 2,088 (24.8 1,806 (22.6) 1401 (17.6) 1,113 (14.5) 6,408 (20.0) <0.001
Hypertension 6,226 (73.8) 5,799 (72.6) 5,654 (71.0) 5218 (67.9) 22,8907 (714 <0.001
Diabetes mellitus 2,643 (31.3) 2,347 (294 2,027 (254) 1,731 (22.5) 8,748 (27.3) <0.001
Stroke/transient ischemic attack 262 3.D 204 2.6) 211 2.6) 155 2.0 832 2.6) <0.001
Peripheral vascular disease 1,007 (11.9 860 (10.8) 575 (7.2) 499 6.5) 2,941 ©.2) <0.001
Myocardial infarction 260 3.D 177 2.2 139 .7 100 1.3) 676 2.1 <0.001
Cardiomyopathy 813  (9.6) 697  (8.7) 615 (7.7) 507  (6.6) 2,632 (8.2 <0.001
Liver cirrhosis 57 ©0.7) 31 04 23 0.3) 21 0.3) 132 04 <0.001
Dementia o1 (1.1) 63 (0.8 38 (0.5) 43 (0.6 235 (0.7) <0.001
Bleeding 719 (8.5 680 (8.5 603 (7.6) 487 6.3) 2,489 (7.8 <0.001
Fall 426 (5.1) 333 (4.2) 257 (3.2) 215 (2.8) 1,231 (3.8) <0.001
Malignancy 1,054 (12.5) 948 (11.9) 858 (10.8) 765 9.9) 3,625 (11.3) <0.001
Baseline warfarin use, n (%) 3,363 (39.9 4,088 (51.2) 4425 (55.5) 4424 (57.5) 16,300 (50.8) <0.001
Warfarin start within 2 months 6,924 (82.1) 7,030 (88.1) 7,181 (90.1) 6,944 (90.3) 28,079 (87.5) <0.001
Other pharmacologic treatment, n (%)
Heart rate control 6,200 (73.5) 6,212 (77.8) 6,271 (78.7) 6,122 (79.6) 24805 (77.3) <0.001
Antiarrhythmic medication 674  (8.0) 721 9.0) 694 (8.7) 546 (7.1) 2,635 (8.2 <0.001
Secondary prevention of 6,199 (73.5) 6,063 (75.9) 6,065 (76.1) 5,727 (74.5) 24054 (75.0) <0.001
cardiovascular disease
Other antiplatelet agentsP 477 5.7) 369 (4.6) 278 3.5 263 G4 1,387 4.3) <0.001
Periprocedural anticoagulation 646 7.7 374 4.7 326 4.1) 296 (3.8) 1,642 [GR)) <0.001
Baseline number of emergency 1.8 [3.9] 1.5  [3.3] 1.2 [2.8] 1.0 [24] 1.3 [3.2] <0.001
visits/hospitalizations, mean [SD]

aEnhanced ICD-9-CM comorbidity algorithm.36
bClopidogrel, ticlopidine, prasugrel, and ticagrelor use.

CCI=Charlson Comorbidity Index; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; SD =standard deviation;

TTR=time-in-therapeutic range.

for individuals with frequent pharmacist interventions (fourth
quartile: >24 times per year) and 64.2% (63.8%-64.6%) for less
frequent pharmacist interventions (second quartile: 12-16 times
per year). However, lower TTRs were found for patients with the

lowest number of INR monitoring (first quartiles) or pharmacist
interventions, compared with the patients in the second quar-
tile—mean (SD) TTRs: (a) 55.4% (26.9%) versus 64.2% (18.6%)
for pharmacist interventions (P<0.001); (b) 59.1% (26.6%) versus
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INR Monitoring, Anticoagulation Clinic Interventions, and Warfarin Dose Adjustments

Measures Months 1-3 Months 4-6 Months 7-18 Months 19-30
Duration for Evaluation 3 months 3 months 12 months 12 months
Overall?2

Number of INR monitoring tests 84 (8.5 (n=19,086) 59 (6.1) n=22,580) | 18.6 (20.1) (n=24,583) | 18.8 (21.2) (n=19,955)
Number of anticoagulation clinic interventionsb 70 (4.8) (n=19,603) 49 (B.0) n=23424)| 153 (8.9 (Mm=25477)| 152 (8.6) (n=20,563)
Number of dose adjustments 40 (3.6) (n=16,701) 29 (2.8) (n=15,860) 6.7 (6.3) (n=24437) 6.7 (6.3) (n=19,974)
Days between INR monitoring 87 (7.7) n=16,375)| 171 (12.7) (n=21,926) | 22.1 (17.8) (n=24,505) | 234 (23.4) (n=19,925)
Days between interventions 9.0 (7.7) n=16,332) | 159 (11.0) n=21,905) | 21.5 (15.8) (n=24,945) | 22.3 (16.0) (n=20,147)
Days between INR and the next dose 1 (1-49) (n=15,390) 1 (1-49) (n=15,390) 1 (1-3) (n=22,887) 1 (1-3) n=18,596)
adjustment, median (IQR)

New warfarin users?

Number of INR monitoring tests 114 (8.7) (n=11,585) 6.7 (6.1) (n=10,941) | 18.1 (174) (n=11456) | 174 (16.8) (n=8,723)
Number of anticoagulation clinic interventionsb 96 (4.0 (n=12,051) 57 (3.2) n=11433)| 153 ©O.1) (n=11,964) | 146 (B8.7) (n=9,028)
Number of dose adjustments 47 (3.7) n=10,364) 33 (3.2 (n=8,396) 7.0 (6.5 (n=11,156) 6.6 (6.2) (M=8,134)
Days between INR monitoring 77 (6.2) n=11,255)| 152 (11.1) (n=10,872) | 20.5 (18.1) (n=11418) | 22.5 274 (n=8,697)
Days between interventions 8.0 (6.3) (n=11,631)| 143 (9.6) (n=10,980) | 19.9 (15.0) (n=11,606) | 21.2 (15.6) (n=8,766)
Days between INR and the next dose 1 (149 ®=9815) 1 (149 ®=9815) 1 (1-3) n=10,254) 1 (13 m=740D
adjustment, median (IQR)

Experienced warfarin users?

Number of INR monitoring tests 3.7 (5.7 m=7,501) 52 (6.00 n=11,639) | 19.0 22.2) n=13,127) | 199 (24.0) (n=11,232)
Number of anticoagulation clinic interventionsb | 2.8 (2.6) (n=7,552) 42 2.7) n=11,991) | 153 (8.7) (n=13,513) | 156 (8.5) (n=11,535)
Number of dose adjustments 29 (3.1 m=6,337) 25 .2 (m=7464) 64 (6.1) (n=13,281) 6.8 (6.3) (n=1,840)
Days between INR monitoring 144 (11.8) (n=5,120)| 19.6 (14.0) n=11,054) | 23.5 (17.3) n=13,087) | 23.9 (20.1) (n=11,228)
Days between interventions 149 (11.5) (m=4,701) | 179 (12.2) (n=10,925) | 22.8 (164) (n=13,339) | 23.0 (16.2) (n=11,381)
Days between INR and the next dose 1 (149 m=5,575) 1 (149 m=5,575) 1 (1-3) (n=12,642) 1 (1-3) (n=11,195)
adjustment, median (IQR)

aAll values are represented as mean (SD) unless otherwise noted.
bIntervention = pharmacist contact with patients, mostly through telephone counseling.

INR =international normalized ratio; IQR=interquartile range; SD =standard deviation.

62.9% (18.4%) for INR monitoring with P<0.001, respectively.
Patients with frequent dose adjustments also had lower TTRs
compared with other groups—mean (SD) TTR: 45.3% (19.1%)
for >11 adjustments per year versus 62.3% (18.1%) for 4-6 dose
adjustments per year (P<0.001).

Clinical Outcomes

A total of 1,239 stroke or systemic embolism events were
identified during 95,076 person-years (1.3 per 100 person-
years), and 7,179 major bleeding events were identified dur-
ing 79,648 person-years (9.0 per 100 person-years; Table 3).
Seventy percent of stroke or systemic embolism events were
ischemic stroke; 16% were hemorrhagic stroke; and 14% were
systemic embolism. For major bleeding events, 69% were
gastrointestinal bleeds; 29% were other types of bleeds; and
only 2% were intracranial hemorrhage.

TTR was associated with clinical outcomes regardless of
frequency of INR monitoring, pharmacist interventions, or
number of dose adjustments. Patients whose TTR was <65%
even with frequent pharmacist interventions (>16 times
per year) had a higher stroke or systemic embolism risk as
compared with the reference of TTR>65% and less frequent

www.jmcp.org  Vol. 23, No. 6 June 2017

interventions (<16 times per year; adjusted HR=1.94, 95%
CI=1.62-2.27; Table 4). Similar results were found when we
compared patients with TTR<65% with less frequent phar-
macist interventions (<16 times per year) with the same refer-
ence group (adjusted HR=1.91, 95% CI=1.63-2.23). Patients
with TTR>=65% with less frequent pharmacist interventions
(16 times per year) had similar stroke or systemic embolism
risk when compared with the reference of TTR265% and less
frequent interventions (< 16 times per year; adjusted HR=1.10,
95% CI1=0.89-1.36).

A linear relationship was found between the stroke or sys-
temic embolism rates per 100 person-years and TTR quartiles:
0.89, 0.94, 1.27, and 2.76 (TTR>73%, 61%-72%, 46%-60%,
and <46%, respectively; Table 3). Major bleeding rates tended
to be inversely related to TTR; major bleeding rates per 100
person-years were 7.81, 6.76, 8.52, and 15.91 for TTR>73%,
61%-72%, 46%-60%, and <46%, respectively. The high rates
of stroke or systemic embolism and major bleeding were
driven by the lowest TTR quartile. Controlling for baseline
characteristics, the lowest quartile of TTR (<46%) was associ-
ated with a 3 times higher risk of stroke or systemic embolism
(HR=3.19, 95% CI=2.71-3.77) and a 2 times higher risk of
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m TTRs by Warfarin Management Patterns
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Note: The number of INR monitoring, pharmacist interventions, and warfarin dose adjustments were categorized by quartiles. The mean and standard error (error bar) of
the TTRs were shown per each quartile. All pair-wise comparisons show statistically significant difference, P<0.001.

INR =international normalized ratio; TTR= time-in-therapeutic range.

major bleeding (HR=2.10, 95% CI=1.96-2.24) compared with
the highest TTR quartile (= 73%; Table 3). The second lowest
TTR (46%-60%) was associated with a 31% increased risk of
stroke or systemic embolism (HR=1.31, 95% CI=1.11-1.56)
compared with the highest TTR quartile; however, the risk of
bleeds was not statistically different. Interestingly, the second
highest TTR (61%-72%) was associated with a lower risk of
bleeds (HR=0.85, 95% CI=0.79-0.91), but the risk of stroke
or systemic embolism was not statistically different compared
with the highest TTR.

Discussion

This study found that NVAF patients on warfarin were
closely monitored and received frequent interventions from the
pharmacist-led anticoagulation clinics. Clinical guidelines rec-
ommend INR testing at least weekly during initiation of warfarin
therapy and at least every 4 weeks when anticoagulation is stable
or allow an interval of up to 12 weeks for selected patients with
extremely stable control.>** This study suggests that the INR
monitoring tests within this integrated health care setting have
been conducted as frequently as guidelines have suggested; the
median days between INR tests were approximately 3 weeks.
This finding is similar to the results from other studies—the
median or mean interval between INR results from anticoagula-
tion clinics was from 18.1 to 22 days.'®?**" As expected, more

frequent INR tests and anticoagulation clinic interventions were
found during the first 3 months among new warfarin users.

Once INR is out of range, clinicians either choose to observe,
instruct to skip the dose, or change the maintenance dose.”
This study investigated 1-time dose adjustments and changes
in maintenance dose, since these are all active pharmacist
interventions. In general, we found timely dose adjustment.
Half of the time, dosing instructions were found the day after
the INR laboratory test. More frequent dose adjustments were
observed in the first 3 months after initiation of the therapy.
However, only 63% of the patients had at least 1 dose adjust-
ment. The 37% of patients without any dose adjustment infor-
mation might have been stable patients who did not require
dosing changes or the INR was at the borderline range (9.7% is
with INR 1.9 and 4% is with INR 3.1), so no dose adjustments
were made by the clinician.

Yearly attrition rate was fairly low. The attrition rates
increased slightly over time. These rates were lower compared
with results from other studies.'"** In this study, we assumed
that patients were still on treatment if they potentially pos-
sessed warfarin prescriptions and/or their INRs were being
monitored. Fang et al. (2010) found that the discontinuation
rate was 26.3% during the first year of warfarin initiation, but
the rate lowered to 8.0% in the second year."” These differences
are potentially because of the study population—this study
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Number of Stroke or Systemic Embolism and Major Bleeding by TTRs

TTR<46% TTR 46%-60% | TTR 61%-72% TTR>73% Total
Stroke or systemic embolism, total patients, n 8,435 7,893 7,966 7,690 32,074
Total stroke or systemic embolism events, n (%) 419 (5.0 315 (3.9 269 (34 236 (3.1) | 1,239 (3.9
Hemorrhagic stroke 61 (0.7) 42 (0.5 53  (0.7) 39 (0.5 195  (0.6)
Ischemic stroke 305 (3.6) 220 (2.8 178  (2.2) 167 .2) 870 (2.7)
Systemic embolism 53  (0.6) 53 (0.7) 38 (0.5 30 (04 174 (0.5)
Mean [SD] follow-up, days 657 [615] | 1,137 [681] | 1,314 [677] | 1,253 [717] | 1,083 [722]
Number of stroke or systemic embolism events per 100 person-years 2.76 1.27 0.94 0.89 1.30
Adjusted HR (95% CI), N=32,0742 319 (2.71-3.77) | 1.31 (1.11-1.56) | 0.98 (0.82-1.17) Reference
Major bleeding, total patients, n 8,575 7414 7,353 7,670 31,012
Total major bleeding events, n (%) 2,083 (24.3) 1,717 (23.2) | 1,594 Q1.7) 1,785 (23.3) 7179 (23.1)
Intracranial bleeding 47 (0.5) 44 (0.6) 32 (04 25  (0.3) 148 (0.5
Gastrointestinal bleeding 1451 (16.9 1,147 (15.5) 1,118 (15.2) 1,247 (16.3) | 4963 (16.0)
Other types of bleeding 585 (6.8) 526 (7.1 444 (6.0) 513 (6.7) | 2,068 (6.7)
Mean [SD] follow-up, days 558 [561] 992 [660] 1,171 [682] | 1,088 [712] 038 [697]
Number of major bleeding events per 100 person-years 15.91 8.52 6.76 7.81 9.01
Adjusted HR (95% CI), N=31,012b 2.10 (1.96-2.24) | 1.05 (0.98-1.12) | 0.85 (0.79-0.91) Reference

aAdjusted for age; sex; race/ethnicity; warfarin start in 2 months; baseline conditions (myocardial infarction); baseline number of emergency visits/hospitalizations; baseline
medication use (anti-arrythmic medication, heart rate control, periprocedural anticoagulation, and previous warfarin use); CHADS, scores; and CCI scores.
bAdjusted for age; sex; race/ethnicity; warfarin start in 2 months; baseline conditions (malignancy, asthma, peripheral vascular disease, bleed, dementia, fall, and cardiac

myopathy); CHADS, scores; and CCI scores.

CCI= Charlson Comorbidity Index; CI=confidence interval; HR=hazard ratio; SD = standard deviation; TTR = time-in-therapeutic range.

investigated attrition rates for the warfarin-naive and warfarin-
experienced patients in NVAF, whereas Fang et al. only focused
on warfarin-naive patients. Moreover, the definition of discon-
tinuation varies. Our study applied 80 days of grace period
from the last warfarin or INR laboratory testing, whereas the
Fang et al. study defined discontinuation as > 180 consecutive
days off warfarin.’> Another potential reason could be because
of the improved warfarin management of the anticoagulation
clinics. Other recent studies investigating claims data in the
United States reported higher discontinuation rates up to 43%
within 1 year after the warfarin initiation."

Although our study’s findings reflect close monitoring pat-
terns for warfarin patients managed by pharmacist-managed
anticoagulation clinics, the TTR ranges were comparable with
other studies conducted in the United States. This study’s
median TTR (61%) is similar to the mean TTR of 61% from
the experienced warfarin patients in the Veterans Health
Administration system and to the mean TTR of 67% from
the U.S. anticoagulation management records, which contain
approximately 400,000 patient records receiving anticoagula-
tion therapy.?*?® The TTRs for the total or experienced warfarin
patients were slightly higher than the TTRs from the warfarin
naive cohort®’; however, these ranges would not be considered
optimal. These results, together with current literature, suggest
that it is still challenging to maintain appropriate TTR ranges
even if patients are closely monitored.

Our study findings regarding TTRs by warfarin manage-
ment patterns also suggest a challenging subpopulation even

www.jmcp.org  Vol. 23, No. 6  June 2017 JMCP Journal of M

with close monitoring. The mean TTR was only 45%-48% for
the top 25% of patients who required the highest number of
INR monitoring, interventions, or dose adjustments. These
patients received approximately 1.5 to 2 times more INR moni-
toring or pharmacist interventions compared with the average
patient, but TTRs were still the lowest. Those challenging
patients with suboptimal TTRs (<65%) and frequent pharma-
cist interventions eventually developed more stroke or systemic
embolism events. These patients may be good candidates for
different treatment options. Although the specific data are not
presented here, baseline characteristics of the patients with
TTRs<65%, compared with TTRs>65% among the patients
who received frequent interventions, suggest that patients
who had a higher number of comorbidities, a higher percent-
age of emergency visits or hospitalizations, or who were non-
Hispanic black would more likely find it difficult to maintain
optimal TTR. National guidelines suggest consideration of one
of the direct oral anticoagulants (DOACs) if patients are unable
to maintain therapeutic INR levels with warfarin,” and these
patients could be good candidates for DOAC. Future studies to
further investigate these challenging patients and to evaluate
outcomes from different treatment options would be beneficial.
On the other hand, there were also groups of patients whose
TTRs were >65% and who did not require frequent interven-
tions. These stable patients could still be good candidates for
continuing warfarin therapy.

This analysis shows another group of patients with subop-
timal TTR and less frequent INR monitoring or pharmacist
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Stroke or Systemic Embolism Outcomes by Pharmacist Interventions and TTRs

Stroke or Systemic
Stroke or Systemic Embolism Rate, Adjusted HR

Patients, n Embolism, n 100 Person-Years 95% CI)2
TTR<65% and frequent managementP 10,837 452 1.88 1.94 (1.66-2.27)
TTR<65% and less frequent management 8,204 385 1.54 1.91 (1.63-2.23)
TTR>65% and frequent management 4,853 132 1.02 1.10 (0.89-1.36)
TTR>65% and less frequent management 8,180 270 0.82 Reference
Total 32,704 1,239 1.30

aAdjusted for age; sex; race/ethnicity; baseline conditions (stroke/trasient ischemic attack and dementia); baseline number of emergency visits/hospitalizations; baseline
medication use (anti-arrythmic medication, heart rate control, and periprocedural anticoagulation); and CHADS, scores.
bFrequent management was defined by number of pharmacist interventions (pharmacists contact with patients, mostly through telephone counseling) >16 times per year

(above median).
CI=confidence interval; HR=hazard ratio; TTR = time-in-therapeutic range.

interventions. While not studied, non-adherence or non-
persistence could in part explain the low TTRs. This group
of patients experienced higher stroke/SE events compared to
other group of patients. For this group, different management
strategies to improve adherence to therapy or management
protocols should be considered as a first step, and may consider
switching to different agents.

Consistent with other findings,**> TTR was shown to be a
good intermediate predictor for stroke or systemic embolism
and major bleeding outcomes. These findings are consistent
regardless of the frequency of pharmacist interventions.
Patients with low TTR levels showed higher likelihood of
developing more stroke or systemic embolism and bleeding.
Baseline characteristics based on TTR strata suggest that the
lowest TTR group had more comorbidities and more history
of bleeding and falls, which increases likelihood of recurrent
bleeds. The lowest TTR group represented 26% of the patients
in this study, suggesting that a significant number of NVAF
patients struggle with warfarin management, which exposes
them to higher risk of strokes and bleeding events. As the
results have shown, about half of these patients were not able
to maintain optimal TTR levels even with frequent pharmacist
interventions. Future studies will be necessary to better under-
stand the reasons for low TTR, which include nonadherent
behaviors, financial limitations, and patient preferences. Base
on this, individualized strategies to improve outcomes of these
high-risk patients are needed.

Limitations

This study has several limitations, many of which are consis-
tent with the nature of retrospective, observational studies,
including reliance on the accuracy and availability of the data.
We developed an NLP algorithm to extract warfarin dosing
information from clinical notes. Although randomly selected
records were validated, we were not able to individually vali-
date all of the selected records and therefore the sensitivity of
the algorithm.

This study analyzed anticoagulation clinic intervention data
from an EMR system, which by design relies heavily on clini-
cian documentation. The definition of warfarin discontinua-
tion as 80 days of grace was newly applied, so this definition
was also not validated. Because of the retrospective nature
of this study, we were not able to capture all of the factors
associated with stroke or bleeding events. Statistical method-
ologies were applied to control for observed characteristics,
but we were not able to control for unobservable factors such
as patient preferences or clinical judgment. Generalizability
is another limitation, since this study was only conducted in
1 managed care setting.

Despite these limitations, this study has several strengths.
This study is one of the few that describe warfarin manage-
ment patterns in clinical practice using a rich data source in a
large cohort. Over 30,000 warfarin patients were followed for a
median of 3.8 years. Anticoagulation clinic data from the EMR
were extracted, and a newly developed NLP algorithm was
applied. The warfarin management patterns, as well as clini-
cal outcomes, were investigated in a large, ethnically diverse
population.

Conclusions

Close monitoring with timely warfarin dose adjustments and
low attrition rates were found in patients with NVAF man-
aged by pharmacist-led anticoagulation clinics in an integrated
health care system. However, there were still a substantial
number of challenging patients whose TTRs were suboptimal,
despite a higher number of pharmacist interventions. These
patients eventually experienced significantly more stroke
or systemic embolism and bleeding events. Maintaining an
appropriate TTR is important to maximize stroke or systemic
embolism prevention benefits from warfarin therapy while
minimizing bleeding events. New individualized treatment
and/or management strategies for NVAF patients who are
not able to reach optimal therapeutic ranges are necessary to
improve outcomes.
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Definition of Variables

Criteria Variable Definition (ICD-9-CM or CPT Code)
Exclusion AF ablation 37.34, 37.33, 93650, 93651, 93652
criteria Cardioversion procedure valvular repair or 92960, 92961, 99.61, 33405, 33420, 33422, 33425, 33426, 33427, 33430, 33496,
replacement 35.01-35.02, 35.11-35.12, 35.21-35.24, V42.2, V43.3
Valvular diseases 394.xx, 396.xx, 746.5
Hyperthyroidism 2429
Evidence of pregnancy V22.x, pregnancy EMR table
Outcome Stroke or systemic embolism All stroke or systemic embolism
Ischemic stroke Primary hospital discharge record: 433.x1, 434.x1, 436
Hemorrhagic stroke Primary hospital discharge record: 430, 431
Systemic embolism Primary hospital discharge record: 444.0, 444.1, 444.2x, 444.8x, 444.9, 557.x, 593.81
Major bleed A bleeding event will be defined as major if it was an intracranial bleed or any other
bleed that was associated with the following: inpatient care (primary and secondary
diagnosis of major bleed), blood transfusion of 2 or more units of whole blood or red
blood cells, decreased hemoglobin or hematocrit of 2 g/dL or more, physician guided
medical or surgical treatment, or death.
ICH Primary or secondary hospital discharge record: 432.x
Exclude ICH associated with a concomitant discharge diagnosis of major trauma
(852.1, 852.3, 852.5, and 853.1)
GI bleeding Primary or secondary hospital discharge record: 530.21, 530.7, 530.82, 531.0x,
531.2x, 531.4x, 531.6x, 532.0x, 532.2x, 532.31, 532.4x, 532.6x, 534.0x, 534.2x,
534.4x, 534.6x, 535.x1, 537.83, 537.84, 537.89, 562.02, 562.03, 562.12, 562.13,
568.81, 569.3, 569.69, 569.85, 577.8, 578.x, 580.9, 596.7, 596.8, 599.7x
Other bleeding (e.g., intraspinal, pericardial, | Primary or secondary hospital discharge record: 255.41, 423.0, 455.2, 455.5, 455.8,
intra-articular, and intramuscular) 456.0, 456.2. 456.8, 459.0, 719.1x, 784.7, 784.8, 785.59, 786.3, 853.0x
Others To define major bleeding
Physician-guided medical or surgical From primary or secondary hospital discharge record: 10140, 10160, 11740, 21501,
treatment 21502, 23030, 23930, 25028, 26990, 27301, 27603, 30000, 30020, 30901, 30903,
30905, 30906, 31238, 32110, 32654, 32658, 33020, 40800, 40801, 41000, 41005,
41006, 41007, 41008, 41009, 41015, 41016, 41017, 41018, 41800, 42960, 42961,
42962, 42970, 42971, 42972, 43227, 43255, 43460, 43501, 44366, 44378, 44391,
45317, 45334, 45382, 46614, 47350, 47360, 47361, 47362, 52606, 54700, 57023,
57180, 61108, 61154, 61156, 61312, 61313, 61314, 61315, 61322, 61323, 65930,
69000, 69005, 91100
ICD procedure codes: 44.43, 44.44, 44.49
Covariates Congestive heart failure 428.x, 429.x
Hypertension 401.x, 402.x, 403.x, 404.x, 405.x
Diabetes mellitus 250.x

Stroke or transient ischemic attack

433.x1, 434.x1, 435.x, 436 (in hospital or emergency room visit records)

Peripheral vascular disease

443.x

Liver cirrhosis

571.2,571.5, or 571.6

Cardiomyopathy 425.x
Dementia 290.xx, 294.1x
Bleed 530.21, 530.7, 530.82, 531.0%, 531.2x, 531.4x, 531.6x, 532.0x, 532.2x, 532.31, 532 4x,

532.6x, 534.0x, 534.2x, 534.4x, 534.6x, 535.x1, 537.83, 537.84, 537.89, 562.02,
562.03, 562.12, 562.13, 568.81, 569.3, 569.69, 569.85, 577.8, 578.x, 580.9, 596.7,
596.8, 599.7x, 25541, 423.0, 455.2, 455.5, 455.8, 456.0, 456.2. 456.8, 459.0, 719.1x,
784.7, 784.8, 785.59, 786.3, 853.0x

Myocardial infarction

410.x (primary hospital discharge)

Mechanical fall

E880-EB88 (in hospital or emergency room visit records)

Asthma/COPD/pulmonary embolism

493.x, 491.x, 492 .x, 496.x, 415.1x, 416.2

Drug/alcohol dependence

303.x, 304.x

Malignancy

140.0-149.9, 150.0-159.9, 160.0-165.9, 170.0-170.9, 171.0-171.9, 172.0-172.9, 173.0-
173.9, 174.0-175.9, 176.0-176.9, 179, 180.0-180.9, 181, 182.0-183.9, 184.0-184.9,
186.0-187.9, 188.0-188.9, 189.0-189.9, 190.1-190.9, 191.0-191.9, 192.0-192.9, 193,
194.0-194.9, 195.0-195.8, 196.0-198.89, 199.0-1599.2, 200.00-202.98, 203.00-203.02,
203.10-203.12, 209.0-209.3, 235.0-235.9, 236.0-236.4, 236.6-236.91, 237.0-238.3
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Definition of Variables (continued)

Criteria Variable Definition (ICD-9-CM or CPT Code)

Medication Warfarin GPI code: 77204030002010, 77204030002005, 77204030000305

Periprocedural anticoagulation (heparin, bival- | GPI class code: 8310
rudin, and low-molecular-weight heparin)

Antiarrythmic medications (quinidine, procain- | GPI class code: 3510, 3520, 3530, 3540
amide, disopyramide, propafenone, flecainide,
amiodaron, dofetilide, and ibutilide, dronedarone)

Clopidogrel, ticlopidine, and prasugrel, ticagrelor | GPI code: 85158020100320, 85158080100320

Heart rate control medications: beta-blocker, GPI class code: 3120, 3310, 3320, 3330, 34
calcium channel blocker, Digoxin

Secondary prevention medications (statins, GPI class code: 3610, 3610, 3615, 3699, 3940
angiotensin-converting engyme inhibitors, and
angiotensin receptor blockers)

AF=atrial fibrillation; COPD = chronic obstructive pulmonary disease; CPT = Current Procedural Terminology; GI=gastrointestinal; GPI=Generic Product Identifier;
ICD-9-CM =International Classification of Diseases, Ninth Revision, Clinical Modification; ICH = intracerebral hemorrhage.

a1 Q- Warfarin Attrition Rate by Year

Continuously on Discontinued
Disenrolled/Completed Warfarin Warfarin
Total Warfarin Patients Follow-up? Remained in Cohort (D) (E)
Year (A) (B) (A-B) %= (D) + (A-B) x 100% %= (E) + (A-B) x 100%
End of year 1 32,074 8,872 23,202 22427 (96.7) 775 (3.3
End of year 2 23,202 5,114 18,088 17,336 (95.8) 752 (4.2)
End of year 3 18,088 3,894 14,194 13,511 (95.2) 683 (4.8)
End of year 4 14,194 3475 10,719 10,140 (94.6) 579 (54
End of year 5 10,719 3,818 6,901 6,463 (93.7) 438  (6.3)

aFollow-up from the first warfarin prescription date.
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